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ABSTRACT

A radiation modulator system and related method for
actively controlling a ?ame in a combustion system are

provided The system includes a plurality of radiation modu
lators positioned adjacent the ?ame. A sensor arrangement is
provided for sensing combustion characteristics of the ?ame
and generating a sensor signal representative of the com
bustion characteristics. The sensor signal is received in a
computer Which then generates a control signal for trans
mission to a linkage arrangement which provides for the
repositioning of the radiation modulators. Thus. the ?ame is

actively controlled by continually repositioning the modu
lators in response to the sensor signal and the control signal.

The related method broadly includes the steps of: (1) posi
tioning the radiation modulators adjacent the ?ame; (2)
sensing combustion characteristics of the ?ame: and (3)
repositioning the radiation modulators responsive to the
combustion characteristics.

7 Claims, 2 Drawing Sheets
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RADIATION MODULATOR SYSTEM

combustion system that effectively decreases the emission of
pollutants. such as. soot. NO, and SO, from the combustion

TECHNICAL FIELD

system.
Yet another object of the present invention is to provide a
system and method for actively controlling a flame in a

The present invention relates generally to a radiation
modulator system. and. more particularly. to a system and
method for actively controlling a ?ame in a combustion

combustion system using radiation modulators positioned
adjacent the ?ame for redirecting/refocusing the radiant

system.

energy from the ?ame back onto itself.

BACKGROUND OF THE INVENTION
based on the combustion of hydrocarbon fuels. These com~

Additional objects. advantages and other novel features of
the invention will be set forth in part in the description that
follows and in part will become apparent to those skilled in

bustion systems are complex and dynamic and. therefore.

the art upon examination of the following or may be learned

dif?cult to control and understand. Thus. vast amounts of
time are directed towards the effective use and the ability to

with the practice of the invention. The objects and advan
tages of the invention may be realized and obtained by

Today. the majority of energy produced in the world is

control conditions existent in typical combustion systems.
One of the most complex components of any combustion
system is the ?ame and the most important feature of the
?ame is the signi?cant ?uctuations in the temperature dis
tribution. These ?uctuations result from the interaction of

15

means of the instrumentalities and combinations particularly

pointed out in the appended claims.

To achieve the foregoing and other objects. and in accor
dance with the purposes of the present invention as
described herein. a radiation modulator system is provided
many simultaneous physical phenomena including but not 20 for actively controlling a ?ame in a combustion system. The
limited to ?uid ?ow. chemical kinetics. soot formation and
system includes a plurality of radiation modulators posi

radiation transfer. Because of this temperature distribution.

tioned adjacent the ?ame. Advantageously. the radiation

there exists within a combustion system a staggered array of

modulators provide for selectively redirecting/refocusing

hot and relatively cooler pockets in a given ?ame. More
particularly. within these relatively cooler pockets the com
bustion is usually not complete. and hence more unburned
carbon (soot) particles are present within these cooler pock

25

signi?cant ?uctuations of ?ow. temperature and species
concentration distributions in the ?ame. Of course. elimi
nation of the cold pockets translates into a more complete
combustion process and more e?‘icient operation.
The radiation modulator system also includes a means for

pollutants being formed and discharged from the combus
tion system. Further. the incomplete combustion decreases
the overall operating ef?ciency of the combustion system

existence of hot or cold pockets in a chemical reactor. While

that effectively allows the elimination of cold pockets which
would otherwise exist in the ?ame as a result of the

ets. This results in an increased amount of undesirable

unit.
US. Pat No. 4.440.509 to Agarwal discloses a technique
and arrangement of temperature sensors for detecting the

the radiant energy of the ?ame back onto itself. in a manner

sensing combustion characteristics within and proximate to
35

providing for the detection of hot and cold pockets. the

the ?ame. The sensing means is capable of generating a
sensor signal representative of the combustion characteris
tics. More speci?cally. the sensing means includes an
arrangement of sensors positioned adjacent to the ?ame for

sensing important combustion characteristics within and

Agarwal patent does not teach or suggest any means for
eliminating the cold pockets so as to provide more complete
combustion within the reactor.
Attempts have been made to control the ?ame in com

proximate to the ?ame. such as. temperature. particle con

centration distribution. species concentration distribution
and combinations thereof. It should be appreciated that the
sensors are also capable of sensing mean and ?uctuating

bustion systems. However. these attempts are usually “pas

components of temperature. velocity. soot particle

sive” in nature as opposed to attempting to “actively”
control the ?ame itself. For example. US. Pat. No. 4.043.

concentration. NO,. 80;. and their respective pro?les.

conditions and then adjusting the fuel-air ratio accordingly

among others. They also transfer enough information so that
soot agglomerate size and structure characteristics can be

742 to Egan et al. sets forth a system for monitoring ?ame

45

so as to improve the overall combustion process. Thus. the

determined following inverse radiation algorithms.

Egan et al. patent provides for “passively” controlling the
?ame by adjusting the parameters which initially dictate the

Additionally. as is known in the an. the sensors may be
optical type sensors or any other type sensors available for

operating conditions of the ?ame. These types of control
techniques are only minimally effective as evidenced by the
fact that the overall e?iciency of. for example. coal-?red
combustion systems have remained constant at approxi
mately 35% for the past 30 years.

use in conjunction with combustion systems. Furthermore.
the sensors may be integrally formed with the radiation

SUMMARY OF THE INVENTION

Accordingly. it is a primary object of the present invention
to provide a system and method for actively controlling a
?ame in a combustion system overcoming the above
described limitations and disadvantages of the prior art.
Another object of the present invention is to provide a
system and method for actively controlling a ?ame in a
combustion system resulting in a more complete combustion
process and. thus. an improved overall operating ef?ciency
for the combustion system.
Still another object of the present invention is to provide
a system and method for actively controlling a ?ame in a

modulators or constructed separately for placement adjacent
the ?ame. Regardless of the type of sensors or how they are

constructed for strategic placement. it is important that the
55

sensors be able to accurately determine local combustion
characteristic values with only minimal disturbance to the
?ow ?eld in and around the ?ame. Without having these

nonintrusive sensing means. the integrity of the radiation
modulator system may be compromised and inaccurate
combustion characteristics may be provided.
The radiation modulator system further includes an active
control means. The control means is preferably in the form
of a computer or microprocessor for use in conjunction with

control systems which is able to receive and process the

sensor signal generated by the sensing means.
In accordance with another important aspect of the
present invention. a means for repositioning the plurality of

5.797.736
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radiation modulators is provided. The repositioning means
reacts in response to a control signal generated by the control

ignition and compression ignition engines. for improving
performance. Advantageously. this results in increasing the

means so as to optimally position/reposition the radiation
modulators. Advantageously. this provides for a more com

overall operating efficiency of a combustion system. as well
as. decreasing emission of pollutants. such as. soot. NO,,.

plete combustion process to take place within the combus
tion system. More speci?cally. the radiation modulators are

and S0,‘.

within the ?ame where incomplete combustion is most
likely to occur. Preferably. the repositioning means includes
a mechanical linkage arrangement which may be automati

As further shown in FIG. 1. the system 10 for actively
controlling the ?ame 12 includes radiation modulators 14
which are positioned adjacent the ?ame for selectively
redirecting/refocusing the radiant energy of the ?ame back
onto itself. A sensing means 16 is also provided for sensing
combustion characteristics in and proximate to the ?ame 12.
The sensing means 16 generates a sensor signal represen
tative of the combustion characteristics and transmits this

cally repositioned in response to the control signal.

information to a control means 18. The control means 18

specially shaped (e.g. concave. semi-cylindrical. elliptical or
spherical) for a speci?c ?ame or system so as to selectively
redirect/refocus the radiant energy from the ?ame back onto

itself. thus minimizing or eliminating the cold pockets

In accordance with another aspect of the present

then generates a control signal which is transmitted to a

invention. a method for actively controlling a ?ame in a

repositioning means 20. More speci?cally. the repositioning

combustion system is provided. Particularly. the method
broadly includes the steps of positioning the plurality of
radiation modulators adjacent the ?ame. sensing combustion

means 20 acts in response to the control signal and adjusts
the positioning of the radiation modulators l4 accordingly.
As can be appreciated. the system 10 provides for active

characteristics of the ?ame within the combustion system.
and repositioning the radiation modulators responsive to the
sensed combustion characteristics. Accordingly. it should be
appreciated that the steps of the present method are con
tinually repeated so as to optimally reposition the radiation
modulators in response to the combustion characteristics
which may exist at any given moment. Thus. an active.
real-time system of control is effectively provided for the

control of the ?ame 12 by constantly sensing the combustion
characteristics and repositioning the radiation modulators 14
in response to the combustion characteristics in order to

direct and/or focus radiant energy from the ?ame back
25

toward relatively cool spots and pockets thereby reducing or
eliminating those cool spots and pockets and providing for
a more complete combustion process.
As already noted. the effective use and control of typical
combustion system ?ames is di?icult due to several com

?rst time.

plicated phenomena which occur simultaneously within the

Still other objects of the present invention will become
apparent to those skilled in this art from the following
description wherein there is shown and described a preferred

?ames. Additionally. technology enabling the modeling of

the invention. Accordingly. the drawings and descriptions

these phenomena is quite limited in scope and is not
expected to change in the near future. Thus. a fully descrip
tive dynamic model of a full scale turbulent ?ame is well
beyond the capabilities of present state of the art combustion
technology. It should therefore be appreciated that the
present method of actively controlling a ?ame 12 in a
combustion system is a signi?cant achievement in combus

will be regarded as illustrative in nature and not as restric

tion technology.

tive.

More speci?cally. one of the most important features of a
turbulent ?ame 12 in a combustion system is the signi?cant
?uctuations in its temperature distribution which result from
the interaction of the many simultaneous physical
phenomena. such as. for example. ?uid ?ow. chemical
ldnetics. soot formation and convection and radiation trans
fer. As a result of the ?uctuations of ?ow. temperature and
concentration pro?les in turbulent ?ames. there exists within
a ?ame 12 a staggered array of hot and relatively cool

embodiment of this invention. simply by way of illustration
of one of the modes best suited to carry out the invention. As

it will be realized. the invention is capable of other different
embodiments and its several details are capable of modi?
cation in various. obvious aspects all without departing from

35

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawing incorporated in and forming
a part of the speci?cation. illustrates several aspects of the
present invention and together with the description serves to
explain the principles of the invention. In the drawing:
FIG. 1 is a schematical block diagram of the radiation

45

modulator system of the present invention; and

pockets. Within these cool pockets the combustion is usually

FIG. 2 is a further schematical representation of the

not complete and. hence more unburned soot particles are

radiation modulator system including the radiation modula

present. This results in incomplete combustion which lowers

tOl'S.

the e?iciency of the combustion system. while at the same

Reference will now be made in detail to the present

preferred embodiment of the invention. an example of which
is illustrated in the accompanying drawing.
DETAILED DESCRIPTION OF THE
INVENTION
Reference is now made to FIG. 1 showing the radiation
modulator system 10 of the present invention. As should be
appreciated. the system 10 provides for active control of a
?ame 12 in a combustion system. More speci?cally. the

ability to actively control the ?ame 12 allows for improving
the performance of fuel oil. pulverized coal/char. or any
similar fossil fuel-?red ?ames present in a typical combus
tion system. Furthermore. the system 10 may be used in

conjunction with internal combustion engines. i.e. spark

55

time increases the formation of pollutants.
Accordingly. it can be appreciated that the ability to
actively control the ?ame 12 by redirecting/refocusing the
energy from the ?ame back onto these relatively cool
pockets. is a signi?cant achievement. The radiation modu
lator system 10 of the present invention provides the capa
bility for actively controlling the ?ame 12 in a combustion
system and thereby. yielding a decrease in the emission of
pollutants while increasing the e?iciency of the combustion

system
As best shown in FIG. 2. a plurality of radiation modu

lators 14 are provided for selectively redirecting/refocusing
65 the radiant energy from the ?ame 12 back onto itself. More

particularly. the modulators 14 are employed to enhance the
radiative source distribution in combustion systems selec

5.797.736
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tively in space. The modi?cation of this distribution in?u
ences the local temperature distribution within the ?ame 12
which. in turn a?’ects the chemistry and pollutant formation
mechanisms.
The radiation modulators 14 are preferably positioned
adjacent the ?ame 12. The positioning of the modulators 14
combined with the particular shape of the modulators is
what makes the modulators effective in actively controlling
the ?ame 12. The modulators 14. as shown in FIG. 2. have
a concave or semi-cylindrical shape. however. it should be
appreciated that the modulators may be formed in other
shapes. such as. for example. elliptical. spherical or as a
combination of a number of ?at surfaces. The particular

include photomultiplier tubes. semiconductor based detec

shape chosen for the modulators 14 is ultimately dependent
upon the type of combustion system and the parameters
present within the combustion system for which the system

tors as well as charge-coupled device (CCD) arrays. and

may be used in conjunction with ?ber-optic cables. which
transfer ?ame radiation or transmitted light/laser beam to the
detectors. These detectors and ?ber optic cables can be

purchased from a number of vendors. including Oriel.
Hamamatsu. Newport and Ealing. among others. In addition.
as is known. other types of sensors. available for use in

conjunction with combustion system ?ames. may be used
with the present invention. For example. a summary of
sensors available for use in particle laden ?ames in pulver
ized coal ?red furnaces is set forth in Elliot. T. C..

“Advanced Sensors". Power. August 1994. pp. 13-25.
15

10 is to be employed. Other characteristics or shapes of the
modulators 14 which may be chosen depending upon the

of actively controlling the ?ame 12. As described above.
signi?cant ?uctuations in temperature distribution in and
proximate to the ?ame 12 is the primary reason that hot and
relatively cold pockets exist within the ?ame. Thus. the

particular application of the modulators include. for
example. solid modulators. modulators which are porous.
corrugated or perforated. or staggered modulators.
Similar to the shape of the modulators 14. the material
from which the modulators are constructed is an important
factor to be considered. The material chosen is also depen
dent upon the type of combustion system with which the
system 10 is to be used. The modulators 14 may. for

sensors 22 must be able to sense the physical phenomena
which interact to create the ?uctuations in temperature
25

distribution. such as. temperature. particle concentration
distribution. species concentration distribution and combi
nations thereof. In addition. it should be appreciated that the
sensors 22 should also be capable of sensing a number of
other standard measurements. such as. mean and ?uctuating

example. be constructed of metal. special alloy material or
ceramic materials which are capable of withstanding the
extreme temperatures present in a particular combustion

system.

Regardless of the type of sensor 22 which is selected for
use. the sensor should be capable of sensing combustion
characteristics that are most essential to achieving the goal

components of temperature. velocity. species (including
soot. NO, 80,) concentration pro?les. line-of-sight ?ame
30

emission. as well as transmission of light/laser beams which

prorogate through the ?ame (if used). This additional infor

As described above. the modulators 14 are initially posi
tioned adjacent to the ?ame 12. However. the turbulent
35

mation allows construction of temperature and species con
centration distributions within the ?ame in real time. which
prompts the control system to align/direct the radiation
modulators towards the speci?c regions of the ?ame.

an important aspect of the present invention. the modulators

Furthermore. it is important that the sensors be able to

14 are capable of being repositioned so as to accommodate

45

accurately determine local combustion characteristic values
with only minimal disturbance to the ?ow ?eld in and
around the ?ame 12. Otherwise. the integrity of the radiation
modulator system may be compromised if inaccurate com
bustion characteristics are provided by the sensing means
16.
The sensor signal. which is representative of the combus
tion characteristics. is generated by the sensing means 16

conditions present within the ?ame necessitate that a

dynamic radiation modulator system 10 be provided for
actively controlling the ?ame 12. Thus. in accordance with
the constantly changing conditions which exist within the
combustion system. and more particularly. within and proxi
mate to the ?ame 12. Speci?cally. the present invention

advantageously provides for repositioning the modulators
14 both spatially (in Cartesian. cylindrical. or spherical

coordinates) and angularly (with polar and azimuthal
angles). The modulators 14 are therefore capable of being
positioned or repositioned responsive to the ?ame combus
tion characteristics so that the radiant energy may be effec

tively redirected/refocused back onto the ?ame 12. toward
any cold spots or pockets that develop. as needed. The
means employed for repositioning the modulators 14 is
described in more detail below.

In order to effectively reposition the radiation modulators

and then transmitted to a control means 18. As shown in
FIG. 2. the control means 18 is prefm'ably in the form of a
dedicated rnircocontroller or even a (personal) computer 26

operated under the control of appropriate software such as

the newly developed and copyrighted control software
entitled GAdaptware Version 1.0. Of course. other appro
priate software may be utilized.
In addition. it should be appreciated that the control
means 18 may employ an intelligent control methodology
for optimizing the position and orientation of the radiation
modulators 14. The intelligent control methodology may

14 so as to actively control the ?ame 12. the present
invention further includes a sensing means 16 for sensing
combustion characteristics of the ?ame. As best shown in 55
FIG. 2. the sensing means 16 includes a plurality of sensors
22. positioned adjacent to the ?ame 12. and a sensor box 24.
consist of. for example. neural networks. genetic algorithms
Further. the sensing means 16 is capable of generating a
or fuzzy logic control algorithms. However. the present
sensor signal representative of the combustion characteris
invention may include any type feedback control means for
tics. While the sensors 22 shown in FIG. 2 are integrally
positioning/repositioning the modulators.
formed with the modulators 14. it should be appreciated that
The control means 18. or more particularly the computer
the sensors may also be formed separately and positioned
26. is preferably capable of generating a control signal and
adjacent to the ?ame 12 for sensing the combustion char
transmitting the control signal to the repositioning means 20.
acteristics data.
The repositioning means 20 reacts in response to the control
The sensors 22 may be. for example. optical sensors 65 signal so as to optimally reposition the radiation modulators
which are suitable for use in conjunction with combustion
14 to achieve the most complete combustion possible. More
systems. as is known in the art. These optical sensors may

particularly. the modulators 14 are repositioned so as to

5.797.736
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redirect/refocus the radiant energy from the ?ame 12 back

the invention to the precise form disclosed. Obvious modi
?cations or variations are possible in light of the above
teachings. The embodiment was chosen and described to

onto itself. Speci?cally. the radiant energy is redirected!
refocused so as to eliminate the relatively cold pockets
provide the best illustration of the principles of the invention
which exist in the ?ame 12.
As shown in FIG. 2. the repositioning means 20 includes 5 and its practical application to thereby enable one of ordi
nary skill in the art to utilize the invention in various
a drive unit 28 for receiving the control signal and operating
embodiments and with various modi?cations as are suited to
the linkage arrangements 30 which are operatively con
the particular use contemplated. All such modi?cations and
nected to the radiation modulators 14. The linkage arrange
variations are within the scope of the invention as deter

ments 30 provide for repositioning the radiation modulators
14 both spatially and angularly. as described above. The
linkage arrangements 30 may be of any type mechanical

mined by the appended claims when interpreted in accor—
dance with the breadth to which they are fairly. legally and

equitably entitled

linkage system as is known in the art which are capable of

We claim:

providing the repositioning capabilities for use in conjunc
tion with the present system 10. Such a linkage arrangement

1. A method for increasing combustion e?iciency and

may be built in house for a particular application. or its 15 reducing pollutants produced by a ?ame. comprising:
components can be purchased from different vendors.
sensing cooler spots in said ?ame; and
More speci?cally describing the repositioning means 20.
re?ecting and focusing radiant energy from said ?ame
the drive unit 28 may be of any type controller mechanism
into said cooler spots sensed in said ?ame.
as is known. For example. drive unit 28 may be a series of

2. A method for actively controlling a ?ame in a com

cooperating stepper motors. linkages and various kinematic

bustion system comprising the steps:

mechanisms. The exact type of the repositioning means

depends on the particular application and available physical
space around the ?ame. It is appreciated that a system used
in a large scale coal-?red system is going to be different from
25
that used in an internal combustion engine.

In operation. the method for actively controlling the ?ame
12 of a combustion system utilizing the radiation modulator

system 10 described above includes the initial step of
positioning a plurality of radiation modulators 14 adjacent
the ?ame. The exact positioning of the modulators l4
depends on the type of combustion system and the operating

said ?ame.
30

parameters therein. The important factor. however. is that
the modulators 14 be positioned so as to most effectively
redirect/refocus the radiant energy back onto the ?ame 12. 35
The method next includes sensing the combustion char

acteristics of the ?ame 12 utilizing sensing means 16 and
generating a sensor signal representative of the combustion
characteristics. The sensor signal is received by the control
means 18 which in turn generates a control signal. The 40

control signal is then received by the repositioning means 20
which operates to reposition the modulators 14 accordingly.

45

4. The radiation modulator system set forth in claim 3.
wherein said radiation modulator is concave for selectively
refocusing radiant energy from said ?ame back onto a

relatively cool spot sensed in said ?ame.
5. The radiation modulator system set forth in claim 3.
wherein said sensing means includes a plurality of optical
sensors for sensing said combustion characteristics.

combustion process taking place. Advantageously. this
results in increasing the performance of the combustion
system while at the same time decreasing the emission of

and description. It is not intended to be exhaustive or to limit

whereby said ?ame is actively controlled by repositioning
said radiation modulator in response to said sensor

active control of the ?ame results in a more complete 50

pollutants from the combustion system.
The foregoing description of a preferred embodiment of
the invention has been presented for purposes of illustration

3. A radiation modulator system for actively controlling a
?ame in a combustion system. comprising:
a radiation modulator positioned adjacent said ?ame;
means for sensing combustion characteristics. said sens
ing means generating a sensor signal representative of
said combustion characteristics;
control means for receiving said sensor signal and gen
erating a control signal; and
means for repositioning said radiation modulator in
response to said control signal.

signal and said control signal.

In summary. nummous bene?ts have been described

which result from employing the concepts of the present
invention. Advantageously. the system 10 and the method of
the present invention provide for actively controlling a
combustion system ?ame 12. The ability to actively control
a ?ame having turbulent and dynamic conditions is a sig
ni?cant achievement in combustion system technology. The

positioning a radiation modulator adjacent said ?ame;
sensing combustion characteristics of said ?ame within
said combustion system; and
repositioning said radiation modulator responsive to said
combustion characteristics in order to focus re?ected
radiant energy onto relatively cooler spots sensed in

6. The radiation modulator system set forth in claim 5.
wherein said optical sensors are integrally formed with said
radiation modulator.
7. The radiation modulator system set forth in claim 5.

wherein said optical sensors are positioned adjacent said
55

?ame.

